Introduction: Cutaneous leishmaniasis (CL) is a serious and global public health issue, with the potential of developing a mucosal form, occurring as subclinical cases, and showing recurrence despite previous treatment. Methods: Polymorphonuclear and mononuclear DNA obtained from 49 patients was subjected to polymerase chain reaction for detection of Leishmania (Viannia). Results: DNA was detected in mononuclear cells from two patients with active primary lesions positive for CL, with infection periods of 3 and 6 months, respectively. Conclusions: The DNA of Leishmania (Viannia) indicates probable parasite dissemination possibly explaining subclinical case emergence, lesion recurrence, and mucosal lesion appearance.
Leishmaniasis has been reported in 98 countries worldwide. Approximately 14 million people are infected and 350 million people are at risk of infection (1) . Cutaneous leishmaniasis (CL) is an important dermatosis that has been reported in every State of Brazil (2) . In State of Paraná, CL is endemic and most cases are caused by Leishmania (Viannia) braziliensis, which has the potential to develop as a mucosal form of the disease (2) (3) . The mucosal form of CL, which manifests as destructive and mutilating injuries in the mucous membranes of the upper airways, is estimated to occur in 3-5% of cases (2) . In State of Paraná, the mucosal form was identifi ed in 23.1% of cases in 2010, indicating a higher prevalence of this form of the disease compared to other Brazil States (4) .
Mucosal lesions result from the dissemination of the pathogen from the primary cutaneous lesion. These lesions usually appear years after the primary lesion has healed and can occur owing to inadequate treatment of the primary lesions or a failure of cellular immunity (2) . The parasite can persist for years in the host organism, spreading in the blood and lymphatic system (5) (6) . This is the most probable mechanism to explain the occurrence of metastatic forms (mucosal and recurrent cutaneous lesions), which justifi es the search for parasites in the blood, especially in monocytes and neutrophils, as they are the main cells involved in a host's initial defense.
Therefore, in order to better understand the mechanisms of persistence of the parasite and the pathogenesis of the disease, we used polymerase chain reaction (PCR) in this study to investigated the presence of Leishmania (Viannia) in polymorphonuclear and mononuclear cells in the peripheral blood of patients with CL.
The study included 49 patients residing in endemic areas and diagnosed with CL who had been referred to the 15 th Regional Health Unit of State of Paraná between June and December 2012. Diagnoses were made at the Laboratório de Ensino e Pesquisa em Análises Clínicas of the Universidade Estadual de Maringá, which is the reference laboratory of the Brazilian Ministry of Health for the diagnosis of CL. The disease was diagnosed by using: 1) a direct parasite search (DS) in material obtained by scarifi cation of the edge of the lesion after Giemsa staining; 2) an indirect immunofl uorescence test (IIF); and 3) the Montenegro skin test (MST) (2) . Written informed consent was obtained from patients agreeing to participate in the study. Polymorphonuclear and mononuclear cells were obtained from 6 mL of venous blood by using the reagent, Mono-Poly
Resolving Medium TM (MP Biomedicals, LLC, France), following the manufacturers protocol. To determine cell viability, 30µL of mononuclear and polymorphonuclear suspensions were subjected to trypan blue exclusion; the cells were then quantifi ed in a Neubauer chamber by using Turk solution and purity was assessed by staining with hematoxylin and eosin. Cells were resuspended in 125µL ACD solution (25mM citric acid, 50mM sodium citrate, 81mM glucose) and 125μL NaCl 0.15M, and were frozen at -18°C until DNA extraction.
Deoxyribonucleic acid (DNA) was extracted using phenol and guanidine (7) , resuspended in 50μL TE buffer [10mM Tris, 1mM ethylenediaminetetraacetic acid (EDTA), pH 8 The primers, MP3H (5'-GAA TTC GGT TGT CGG ATG C-3') and MP1L (5'-ACA TAC GCC TCC CTC TGC TG-3') (8) , were used to amplify a 70-bp fragment from the kinetoplast deoxyribonucleic acid (kDNA) minicircles of Leishmania (Viannia). The reaction mixture (fi nal volume: 25µL) was composed of 1μM of each primer (Invitrogen Life Technologies, São Paulo, Brazil), 1.5mM MgCl 2 , 1X enzyme buffer, 0.2mM dNTP (Invitrogen, Carlsbad, CA, USA), 1UTaq DNA polymerase (Invitrogen, Carlsbad, CA, USA), and 2µL of DNA template. A positive control [1pg of L. (V.) braziliensis DNA] and a negative control (water) were included. DNA amplifi cation was carried out in a PCR Thermocycler (Biometra, Germany). The conditions for the PCR were as follows: 95°C for 5 min, followed by 35 cycles divided into denaturation (95°C, 1.5 min), annealing (57°C, 1.5 min), and extension (72°C, 2 min). Subsequently, the material was maintained at 72°C for 10 min, and the amplifi ed product was stored at 4°C until analysis. Ten microliters of amplifi ed products was subjected to electrophoresis in 3% agarose gel (Invitrogen, Paisley, Scotland, UK), stained with 0.1µg/mL ethidium bromide, at 10-15V/cm. The presence of bands was observed under a transilluminator (MacroVue TM UV-20, Hoefer, USA).
All samples were tested for the presence of possible inhibitors of PCR by using specifi c primers for the human β-globin gene (GH20: 5'-GAA GAG CCA AGG ACA GGT AC-3' and PC04: 5'-CAA CTT CAT CCA CGT TCA CC-3') (9) , intended to amplify a fragment of 268bp (4) .
We studied 49 patients (41 men and 8 women) with primary lesions positive for CL, the mucosal form, and previous infection. Patients were residents of endemic areas mainly in rural areas.
More than half of the patients, i.e. 53.1% (26/49) had primary lesions positive for CL on at least one of the conventional tests used (DS, IIF, or MST). The mucosal form was present in 8.2% (4/49) of patients, and a previous infection was reported in 38.8% (19/49) of patients. Among the 26 patients with CL, the time for infection of the primary lesion ranged from 20 days to 8 months; 16 patients showed the occurrence of lesion between 1 and 2 months, eight between 3 and 6 months, and two between 6 months and 1 year. Results of a DS were positive in 80.8% (21/26) of patients with active lesions, while the results of IIF were positive in all 26 patients with a primary lesion, showing titers of up to 320. The MST was conducted in 24 of 26 patients, and 23 (95.8%) of them showed positive results, with indurations up to 30mm in diameter.
Of the 19 patients who reported a previous lesion, 6 exhibited reactivation of a previous lesion, 2 had a new skin lesion, and 11 had returned for treatment monitoring. The time since the appearance of the primary lesion ranged from 2 months to 20 years. Of these 19 patients, DS was only performed in the 8 who currently had skin lesions and only 1 tested positive. The MST was not performed in these 19 patients.
The technique used to obtain mononuclear and polymorphonuclear cells was effective in separating these cells. The viability was 98% for both polymorphonuclear and mononuclear cells, and the purity was 98% for polymorphonuclear and 99% for mononuclear cells. The separation of mononuclear cells indicated mostly lymphocytes (72%), followed by monocytes (28%); the polymorphonuclear cells were mostly neutrophils (95%).
The fragment from the kDNA minicircles of Leishmania (Viannia) was detected in mononuclear cells from two patients but was not detected in polymorphonuclear cells (Figure 1) . These two patients belonged to the group of 26 (7.7%) patients with active skin lesions for CL, and to the group of 8 (25%) patients who had a lesion with a time for evolution of 3-6 months. All samples were positive for the human β-globin gene, excluding possible inhibitors of Taq DNA polymerase.
Cutaneous leishmaniasis is a serious worldwide public health issue, endemic in the State of Paraná, with the potential of developing a mucosal form (2) (3) . The presence of the parasite in the peripheral blood, as well as in immune cells, may be important for understanding the dynamics of parasite spread in the human body and therefore the pathogenesis of the disease. The detection of the parasite in the bloodstream depends on several factors, including the time of sample collection, the patient's immune response, and the spread of the parasite. Despite the possible infl uence of these factors, our results are meaningful. Parasite DNA was found in two samples of mononuclear cells, and these cells were from two patients with CL. Both these patients had a single, active primary lesion for 3 to 6 months. The presence of Leishmania (Viannia) in mononuclear cells shows that the parasite can be eliminated from macrophages and that it can escape from microbicidal mechanisms and persist in the host (10) . Hematogenous dissemination of the parasite has been considered responsible for the appearance of the mucosal form of CL (7) . Saravia et al. (11) showed that recurrent strains were phenotypically and genotypically identical to initial infection strains in 50% of the recurrent cases of Leishmania (Viannia) infection in humans, supporting the hypothesis of hematogenous dissemination. Different types of samples have been used to attempt to demonstrate the persistence of the parasite. Romero et al. (12) found parasites in extralesional tissues including scars, normal skin, and monocytes, indicating widespread infection and subclinical involvement of tissues distant from the lesion site. Other studies have shown the persistence of the parasite after clinical treatment, during different stages of treatment (13) , and in the blood of a patient 30 years after initial infection and in whom the lesion had healed spontaneously (14) .
The hematogenous or lymphatic dissemination of the parasite is the most probable mechanism to explain the occurrence of the mucosal form of the disease and the recurrence of skin lesions (9) . The mechanism that triggers the recurrent development of cutaneous or mucosal lesions is not fully understood. The host immune response appears to be crucial in the control and containment of the parasite at the lesion site, and the immunosuppression has been shown as a triggering factor for the reactivation of the disease (15) .
Although the presence of Leishmania (Viannia) in mononuclear cells from 2 patients with active CL lesions does not necessarily indicate the existence of viable parasites, it does suggest that monocytes, the host cells involved in parasite defense, can participate in the spread of the parasite. Parasite DNA was relatively rare in peripheral blood cells, but this fi nding shows probable parasite dissemination that could explain the emergence of subclinical cases, the recurrence of previously treated lesions, and the appearance of mucosal lesions.
